Abstract From
In the past four years laparoscopic cholecystectomy has gained widespread acceptance among surgeons and the public and has replaced conventional 'open' cholecystectomy as treatment of choice for symptomatic cholecystolithiasis. Several large multicentre studieslA have shown the efficacy and overall safety of laparoscopic cholecystectomy. Compared with 'open' cholecystectomy, laparoscopic cholecystectomy is associated with less postoperative pain, shorter stay in hospital and recovery, earlier return to work, and a better abdominal cosmetic outcome.5 Laparoscopic cholecystectomy does, however, carry an increased risk for biliary tract injury.6 Several series have been published describing the serious morbidity and mortality of these injuries.7 11 Comparatively few papers,9 12 however, have focused on treatment of bile duct injuries once they have occurred.
The aim of this study was to evaluate the diagnosis and treatment of bile duct lesions after laparoscopic cholecystectomy and to propose algorithms for treatment of these complications.
Methods

Patients
From January 1990 to June 1994, 53 patients were at least partially treated at the Academic Medical Centre, Amsterdam, the Netherlands, for bile duct lesions sustained during laparoscopic cholecystectomy. In 48 patients (91%) the laparoscopic cholecystectomy was performed in one of 32 referring hospitals, five patients (one transection and four bile leaks) had their laparoscopic intervention at the Amsterdam Academic Medical Centre. There were 16 men and 37 women with a mean age of 47 years (range 22-89).
Study analysis
The study included a retrospective evaluation of the initial laparoscopic procedure, presenting symptoms of the bile duct lesion, classification and site of the ductal injury, diagnostic procedures and therapeutic interventions before and after referral, and follow up to date. Acute cholecystitis 3 6 Previous bile duct stones into the proximal biliary system. Further treatment in these patients consisted of hepaticojejunostomy (n= 1) and surgical T tube insertion followed by endoscopic placement of an endoprosthesis (n=l). Drainage of bile collections was performed in five patients, all before (n=l) or during initial treatment (n=4). Early complications -early complications occurred in two patients: a 74 year old patient died four days after stent insertion of a myocardial infarction and a second patient with bile leakage after removal of the T tube was treated endoscopically with biliary endoprostheses.
Late complications and secondary treatmentduring a median follow up of 17 months (range 0-33) three patients (all initially treated with suture repair and T tube insertion), developed late ductal stenosis. In two a hepaticojejunostomy was performed after endoscopic treatment had failed, the third patient was successfully treated with biliary stenting for one year. All patients initially treated with biliary endoprostheses are free of symptoms with normal liver function parameters, 4 to 32 months (median 20) after laparoscopic cholecystectomy (6 to 11 months after stent removal). Two patients still have stents in situ.
Bile duct strictures (type C lesions)
Initial treatment (Table I ' -all nine patients with ductal strictures had their diagnosis confirmed and insertion of endoprostheses attempted at ERCP. In four patients insertion of the endoprostheses failed because the stricture could not be passed by a guidewire. Three subsequently underwent surgery; hepaticojejunostomy (n=2), removal of hemoclip (n= 1). The fourth patient had complete disappearance of all symptoms before any further treatment. She remains free of symptoms with normal liver function tests, 18 months after the stenosis was diagnosed. The most probable explanation is that she has developed a biliarydigestive fistula that bypasses the biliary stricture. Insertion of a stent was successful in the remaining five patients but one patient Complete transection of the bile ducts (type D lesions, Fig 2) Initial treatment (Table V) -all 15 patients with a type D bile duct injury eventually underwent reconstructive surgery. The following reconstructive surgical procedures were performed: Roux-en-Y hepaticojejunostomy at the confluens or common hepatic duct (n= 11), separate hepaticojejunostomies to both the right and left main hepatic duct (n= 2) or to the right hepatic duct only (n= 1), and end to end anastomosis of the common hepatic duct (n= 1). A Rodney Smith's mucosal graft procedure was performed on one patient. Of 14 hepaticojejunostomies, two were performed at the initial cholecystectomy, five were performed in the early postoperative phase mainly during diagnostic laparotomy, and seven were performed electively after 8-12 weeks. In the last group drainage of bile collections was initially established percutaneously or surgically, or both, to stabilise the patient's condition. At a second stage, in most cases 24 hours before the reconstruction, percutaneous transhepatic cholangiography and drainage (PTCD) (Fig 2) was performed to investigate the proximal extent of the lesion and drains were inserted to guide the surgeon during the reconstructive procedure. Early complications -reconstructive surgery was complicated by bile leakage in seven patients (before referral in four patients (80%), after referral in three (30%), Table V) . Three of these patients required surgery and cardiorespiratory supportive measures, one patient was treated with biliary endoprostheses, and three patients were treated by external drainage and antibiotics.
Late complications and secondary treatmentmedian follow up in the 15 patients with a type D injury was 25 months (range 6-38) and late complications occurred in seven patients (47%). Four patients had recurrent cholangitis caused by stenosis of the biliodigestive anastomosis and were treated with percutaneous transhepatic balloon dilatation (n=3) or reconstruction of the hepaticojejunostomy (n = 2), or both. Two patients had signs of biliary obstruction that resolved spontaneously. Diagnostic imaging in these patients showed no evidence of stenosis and an expectant policy was followed. Finally, one patient with episodes of recurrent pancreatitis caused by sphincter stenosis after previous precut sphincterotomy was treated endoscopically. At follow up to date all patients are free of symptoms but seven patients (47%) have cholestatic liver function parameters (>3 times the upper limit). of sphincter function are of concern in younger patients. 22 We, therefore, treat these patients with biliary endoprostheses to bypass the leak and, more importantly, to lower the pressure of the biliary system by bypassing the biliary sphincter (Fig 3) . The stent is preferably inserted without prior endoscopic sphincterotomy unless this is necessary to extract bile duct stones or gain biliary access. Although insertion of an endoprosthesis gives the patient the burden of a second endoscopic intervention for removal of the stent, we feel that this is outweighed by preventing a sphincterotomy.
Insertion Although this will successfully treat the bile leakage, the duration of T tube placement may be too short to effectively prevent secondary stenosis. We, therefore, prefer to remove the T drain after six weeks and treat patients in whom the leak is detected postoperatively with primary endoscopic stenting (Fig 3) . Insertion of an endoprosthesis not only adequately seals the bile leakage but also allows for early diagnosis and treatment of secondary ductal stenosis. In case the endoscopic stent insertion fails we first attempt to drain the bile duct with PTCD, before resorting to surgical placement of a T tube (Fig 3) .
In contrast with the results of endoscopic treatment in patients with a type A or type B lesion, the results of endoscopic treatment of isolated biliary strictures were disappointing. Overall, successful treatment of strictures was accomplished in three of eight patients (38%) in whom endoscopic treatment was attempted as definitive treatment (one patient with stents in situ). However, most failures (80%) resulted from inability to pass the stricture at the first endoscopic session, which was performed primarily as a diagnostic procedure and no adverse effects were noted from attempts at stent insertion. There are no randomised studies available comparing endoscopic stenting with surgical treatment for patients with bile duct strictures after cholecystectomy. We recently published a retrospective study in which these two treatment regimens were compared and concluded that surgery and endoscopy were equally successful.24 Because surgery is still available when endoscopy fails whereas vice versa is impossible once a Roux-en-Y loop has been constructed, we prefer to attempt endoscopic treatment first (Fig 3) .
All 15 patients with complete transection of the bile duct eventually underwent reconstructive surgery. Early morbidity, late stenosis of the anastomoses, and abnormal liver function tests at follow up to date all attest to the severity of the injury and the difficulty of adequate treatment. Most early and late complications occurred in patients initially treated at referring centres (Table IV) . The outcome of surgical treatment of these lesions is influenced by a variety of factors including: proximal extent of the injury, type of reconstructive procedure performed, experience of the performing surgeon, timing of intervention, presence of proximal dilatation and local inflammation at the time of the procedure, condition of the patient, and the length of follow up. The numbers in this series are too small to perform a multivariate analysis for evaluation of these factors. An important factor determining the outcome of reconstructive surgery is the timing of the procedure. We observed that early complications and late anastomotic stenoses occurred in 80% of patients treated with early reconstructive surgery whereas these complications were observed in 17% of patients who underwent elective surgery after 8-12 weeks. Reconstructive surgery in the acute postoperative phase, often started as a diagnostic procedure in a patient with peritonitis, ileus or sepsis, is at risk for leakage and stenosis because of the absence of proximal dilatation and the presence of severe inflammatory changes of the tissue. Adequate drainage for 8-12 weeks allows for the acute local inflammatory reaction to subside and enables the surgeon to establish the exact proximal extent of the injury before surgery. In most patients 24 hours before the reconstruction, a PTCD is performed to delineate the proximal anatomy and to insert a biliary catheter. These percutaneous catheters may be very helpful at surgery for identification of the injured duct and for subsequent stenting of the anastomosis if necessary.
Laparoscopic cholecystectomy has shown its overall safety and efficacy. Although most centres performing laparoscopic cholecystectomy may now be well beyond the 'learning curve' phase, the incidence of bile duct injuries will probably stay increased compared with conventional cholecystectomy. The incidence and severity of the lesions warrant a systematic approach conceming diagnosis and treatment. Although differences in local expertise concerning interventional radiology,25 therapeutic endoscopy'2 and reconstructive surgery9 may lead to modifications of the proposed algorithms, the principles outlined in this article may be helpful for the clinician in the treatment of bile duct lesions after laparoscopic cholecystectomy.
